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(54) Anisotropic conductive sheet and printed circuit board 



(57) An anisotropic conductive sheet material in- 
cludes a resin and conductive fillers, such as metallic 
particles, added in the resin. A conductive layer is 
formed on one of the surfaces of the anisotropic con- 
ductive sheet material. A circuit board includes a sub- 
strate having first and second surfaces and a circuit pat- 
tern being formed on the first surface of the substrate, 
an anisotropic conductive sheet having first and second 



surfaces, a circuit pattern being fomned on the first sur- 
face thereof. The second surface of the anisotropic con- 
ductive sheet is adhered to the first surface of the sub- 
strate in such a manner that the circuit patterns are elec- 
trically connected to each other by means of the aniso- 
tropic conductive sheet. An electrically insulative layer 
formed on the first surface of the anisotropic conductive 
sheet to cover the circuit pattern thereof, except that ex- 
ternal connecting portions thereof are exposed. 
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Description 

The present invention relates to an anisotropic con- 
ductive sheet with a conductive layer and a printed cir- 
cuit board using the same. The present invention also 
relates to a semiconductor device using such an aniso- 
tropic conductive sheet. 

A muttnayer type printed circuit board consisting of 
a plurality of resin substrates, each carrying circuit pat- 
terns on its surface, has been known in the art. 

According to such a multilayer type printed circuit 
board, it is-possible to form highly integrated circuit pat- 
terns because the degree of freedom increases for wir- 
ing circuit patterns. 

However, there are problems In that a production 
process becomes longer to increase a production cost 
because the electric connections between the respec- 
tive layers are made through via-holes having a film 
formed by an electroless plating on the inner wall there- 
of, and a thickness of the resultant product becomes 
larger because a plurality of resin substrates are lami- 
nated. 

Accordingly, an object of the present invention is to 
provide a multilayer type circuit board having a smaller 
thickness, which can be easily produced because the 
electric-connections between upper and lower circuit 
patterns are simple, and an anisotropic conductive 
sheet with a conductive layer suitably used for produc- 
ing such a circuit board- 
According to the present invention, there is provid- 
ed an anisotropic conductive sheet, having a conductive 
layer including an anisotropic conductive sheet material 
comprising a resin and conductive fillers, such as me- 
tallic particles, added in the resin; the anisotropic con- 
ductive sheet material having first and second surfaces; 
and a conductive layer formed on one of the first and 
second surfaces of the anisotropic conductive sheet 
material. 

The conductive layer may be a metallic layer. 

According to another aspect of the present inven- 
tion, there is provided a circuit board comprising: a sub- 
strate having first and second surfaces and a circuit pat- 
tern being formed on the first surface of the substrate; 
an anisotropic conductive sheet having first and second 
surfaces, a circuit pattern being formed on the first sur- 
face of the anisotropic conductive sheet; the second sur- 
face of the anisotropic conductive sheet being adhered 
to the first surface of the substrate in such a manner that 
the circuit patterns on the substrate and the anisotropic 
conductive sheet are electrically connected to each oth- 
er by means of the anisotropic conductive sheet; and an 
electrically insulative layer formed on the first surface of 
the anisotropic conductive sheet to cover the circuit pat- 
tern of the anisotropic conductive sheet, except that ex- 
ternal connecting portions thereof are exposed. 

The anisotropic conductive sheet can be partially 
pressed by means of the circuit pattern formed thereon 
so that the pressed portions of the anisotropic conduc- 



tive sheet are electrically conductive. 

Bumps may be provided on the circuit pattern 
formed on the substrate and the anisotropic conductive 
sheet is partially pressed by means of the bumps so that 
5 the pressed portbns of the anisotropic conductive sheet 
are electrically conductive. 

According to still another aspect of the present in- 
vention, there is provided a circuit board comprising: a 
plurality of anisotropic conductive sheets each having 
10 first and second surfaces, a circuit pattern being formed 
on the first surface of the respective anisotropic conduc- 
tive sheet; the plurality of anisotropic conductive sheets 
being laminated on each other in such a manner that 
the second surface of the anisotropic conductive sheet 
IS is adhered to the first surface of the adjacent anisotropic 
conductive sheet; a substrate having first and second 
surfaces and a circuit pattern being formed on the first 
surface of the substrate; the first surface of the substrate 
being adhered to the second surface of the lowermost 
anisotropic conductive sheet; the circuit patterns on the 
plurality of anisotropic conductive sheet and the sub- 
strate are electrically connected to each other by means 
of the plurality of anisotropic conductive sheets; and an 
electrically insulative layer formed on the first surface of 
the uppermost anisotropic conductive sheet to cover the 
circuit pattern thereof, except that external connecting 
portions thereof are exposed. 

The plurality of anisotropic conductive sheets can 
be partially pressed by means of the circuit pattems 
formed thereon so that the pressed portions of the ani- 
sotropic conductive sheets are electrically conductive. 

Bumps may be provided on the circuit pattern 
formed on the substrate and the anisotropic conductive 
sheets, except for the uppermost anisotropic conductive 
sheet, the anisotropic conductive sheets are partially 
pressed by means of the bumps so that the pressed por- 
tions of the anisotropic conductive sheets are electrical- 
ly conductive. 

At least one of the circuit patterns formed on the 
substrate and on the plurality of anisotropic conductive 
sheets rnay be a power supply flat pattern. 

At least one of the circuit patterns formed on the 
substrate and on the plurality of anisotropic conductive 
sheets may be a ground flat pattern. 

According to further aspect of the present invention, 
there is provided a semiconductor device comprising: a 
semiconductor chip having upper and lower surfaces, 
the chip having electrodes formed on the upper surface; 
an electrically insulating passivation film formed on the 
upper surface of the semiconductor chip, except for ar- 
eas where the electrodes exist; a plurality of anisotropic 
conductive sheets each having upper and lower surfac- 
es, a circuit pattern being formed on the upper surface 
of the respective anisotropic conductive sheet; the plu- 
rality of anisotropic conductive sheets being laminated 
on each other in such a manner that the lower surface 
of the anisotropic conductive sheet being adhered to the 
upper surface of the adjacent anisotropic conductive 
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sheet; the upper surface of the semiconductor chip is 
adhered to the lower surface of the lowermost aniso- 
tropic conductive sheet; the circuit pattems on the plu- 
rality of anisotropic conductive sheet and the electrodes 
of the semiconductor chip are electrically connected to 5 
each other by means of the plurality of anisotropic con- 
ductive sheets; and an electrically insulative layer 
formed on the upper surface of the uppemrtost aniso- 
tropic conductive sheet to cover the circuit pattern there- 
of, except that external connecting portions thereof are 
exposed. 

The lowermost anisotropic conductive sheet can be 
mechanically pressed partially at positions correspond 
to the electrodes, so that the pressed portions of the low- 
ermost anisotropic conductive sheet are electrically 
conductive. 

The electrodes of the semiconductor chip can be 
provided with conductive bumps which protrude upward 
over the passivation film, so that the lowermost aniso- 
tropic conductive sheet is partially pressed by the 
bumps and, therefore, the pressed portions of the low- 
ermost anisotropic conductive sheet are electrically 
conductive. 

The external connecting terminals may be solder 
bumps 

Particular embodiments of the present invention will 
now be described with reference to the accompanying 
drawings; in which:- 

Fig. 1 is a side sectional view of a semiconductor 
device according to a first embodiment of the 
present invention; 

Fig. 2 is a partial enlarged view Fig. 1; 
Fig. 3 is a partial side sectional view of a semicon- 
ductor device according to another embodiment of 
the present invention; 

Fig. 4 is an illustration for explaining an anisotropic 
conductive sheet carrying circuit pattems thereof; 
Fig. 5 is an illustration for explaining a press-bond- 
ing tool for thenmally press-bonding the anisotropic 
conductive sheet; 

Fig. 6 is a partial side sectional view of a semicon- 
ductor device according to a further embodiment of 
the present invention; 

Fig. 7 is a side sectional view of a semiconductor 
according to an embodiment of the present inven- 
tion wherein a plurality of anisotropic conductive 
sheets are layered; 

Fig. 8 is a side sectional view of a semiconductor 
according to an embodiment of the present inven- 
tion wherein a circuit pattern for the power supply 
or grounding is provided; 

Fig. 9 is an illustration for explaining the assembly 
of a semiconductor device according to the present 
invention wherein a circuit pattern is provided in an 
insulation sheet 

Fig. 10 is a side sectional view of the completed 
semiconductor device shown in Fig. 9; 



Fig. 1 1 is a side sectional view of a semiconductor 
device according to an embodiment of the present 
invention wherein a plurality of insulation sheets are 
layered; 

Fig. 1 2 is a side sectional view of an anisotropic con- 
ductive sheet with a conductive layer; 
Fig. 13 is a side sectional view of a circuit board 
according to one embodiment of the present inven- 
tion; 

Fig. 14 is a side siectional view of a circuit board 
according to another embodiment of the present in- 
vention; 

Fig. 15 Is a side sectional view of a circuit board 
according to a further embodiment of the present 
invention wherein a plurality of anisotropic conduc- 
tive sheets are layered; 

Fig. 1 6 is a side sectional view showing a structure 
of an external terminal; 

Fig. 17 is a side sectional view of a circuit board 
according to an alternative embodiment of the 
present invention; and 

Fig. 18 is a side sectional view of a circuit board 
according to a further more embodiment of the 
present invention. 

Fig. 1 is a side sectional view of a semiconductor 
device 30 using an anisotropic conductive sheet with a 
conductive layer described later, according to the 
present invention. 

Reference numerals 32 denotes a semiconductor 
chip; 34. a passivation film made of Si02or others; and 
36, an Al pad (pad section) built in the semiconductor 
chip 32. The passivation film 34 is not formed in an area 
where the Al pad 36 exists, so that the Al pad 36 is ex- 
posed. A number of Al pads 36 are formed in a desired 
pattern on the semiconductor chip 32. 

Reference numeral 38 denotes an anisotropic con- 
ductive sheet formed while covering the passivation film 
34. The anisotropic conductive sheet 38 is formed of a 
resin containing a conductive filler 39 (Fig. 2) such as a 
metallic powder, and, by the application of pressure, be- 
comes conductive in the pressed direction due to the 
continuity of the conductive filler 39. 

Reference numeral 40 denotes a circuit pattern 
formed on the anisotropic conductive sheet 38 in a pre- 
detemnined pattern. The circuit pattern 40 is formed so 
that it presses the anisotropic conductive sheet 38 as 
shown in Fig. 2, whereby that portion of the anisotropic 
conductive sheet 38 is conductive to electrically connect 
the Al pad 36 with the circuit panern 40. 

The circuit pattern 40 is formed by adhering a me- 
tallic foil such as a copper foil to the anisotropic conduc- 
tive sheet 38 and then etching the same to leave a de- 
sired pattern. However, a metallic layer such as a copper 
layer or an aluminum layer may be formed by a sputter- 
ing method, which is then etched to obtain a desired pat- 
tern. 

Reference numeral 42 is a photosensitive resist film 
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(insulation film) covering the anisotropic conductive 
sheet 38 and the circuit pattern 40. 

The photosensitive resist film 42 Is a protective film 
for the circuit pattern 40 and may be formed of various 
types of photosensitive solder resist. 

Through-holes 44 are formed at suitable locations 
in the photosensitive resist film 42 corresponding to the 
respective circuit pattems 40. for example. In a matrix 
arrangement (so that a contact 40a In the circuit pattems 
40 to which an external terminal is to be connected is 
exposed from the respective via-hole 44). 

Reference numeral 46 denotes a bump forming an 
external terminal which is arranged to be electrically 
connected with the respective contact 40a via the re- 
spective via-hole 44 and projects above the photosen- 
sitive resist film 42. 

The bump 46 noay be formed as a ball bump such 
as a solder ball as shown in the drawing, but may be 
formed as a flat land or others. Or a lead pin may be 
connected as an external terminal. The bump may be 
formed by a plating such as a nickel/gold plating. 

Reference numeral 48 denotes a protective film 
formed while covering a side wall of the semiconductor 
chip 32, the passivation film 34 and the anisotropic con- 
ductive sheet 38 to prevent the moisture from invading 
through the boundaries between the respective layers. 
The protective film 48 nnay be formed by using a suitable 
resinous resist, but is not indispensable. Also, instead 
of the protective film 48. a frame made of a metal or the 
like may be bonded. 

Since the semrconductor device 30 is constructed 
as described above, it is possible to have a size equal 
to that of the semiconductor chip 32. 

Also, since the anisotropic conductive sheet 38 
which is an interposer and the photosensitive resist film 
42 can be formed thinner, the semiconductor device 30 
becomes thinner. 

Since a hardness of the anisotropic conductive 
sheet 38 and of the photosensitive resist film 42 is not 
so high, they can function as a shock absorbing layer 
for protecting a surface of the semiconductor chip 32. 

In this regard, a back surface of the semiconductor 
chip 32 is preferably exposed to enhance the heat radi- 
ation. To facilitate the heat radiation, a heat sink or a 
heat spreader may be bonded thereto. 

Fig. 3 illustrates another embodiment of the present 
invention. 

According to this embodiment, a bump 37 made, for 
example, of Au Is provided on an Al pad 36 of a semi- 
conductor chip 32 to be higher than a passivation film 
34, so that a portion of an anisotropic conductive sheet 
38 is pressed by the projected bump 37 when the ani- 
sotropic conductive sheet 38 is bonded onto the passi- 
vation film 34 to cause that portion of the anisotropic 
conductive sheet 38 to be conductive and thus electri- 
cally connect the Al pad 36 to the circuit pattern 40. 

As a remaining part of this embodiment is the same 
as the former embodiment shown in Fig. 1 . an illustration 



thereof will be eliminated. 

The same effects as before are obtainable by this 
embodiment. In addition, this emt)odiment is advanta- 
geous in that the circuit pattern 40 can be generally flat 
s to facilitate lamination. 

Figs. 4 and 5 illustrate a process for producing the 
semiconductor device shown In Fig. 1 . 

As shown in Fig. 4, a metallic foil such as a copper 
foil is bonded to an anisotropic conductive sheet 38 and 

10 then subjected to an etching treatment by a known lith- 
ographic process to result in circuit patterns 40. In this 
regard, a metallic layer may be formed by a sputtering 
method or others and subjected to an etching treatment 
to result in circuit patterns 40. 

IS The anisotropic conductive sheet 38 carrying the 
circuit patterns 40 is overlapped with a semiconductor 
device 32 so that the circuit pattems 40 coincide with 
corresponding Al pads 36 arranged on a passivation film 
34 of the semiconductor chip 32. as shown In Fig. 5. 

20 Then, the circuit pattems 40 and the anisotropic 
conductive sheet 38 are pressed together, under the ap- 
plication of heat, by a press-bonding tool 43 with press- 
ing projections 41 arranged in accordance with the ar- 
rangement of the Al pads 36, whereby the anisotropic 

25 conductive sheet 38 is thermally press-bonded to the 
passivation film 34. 

During the above process, the circuit pattems 40 
are pressed by the pressing projections 41 and are de- 
formed as shown in Fig. 2, whereby the anisotropic con- 

30 ductive sheet 38 is pressed at these points to be in con- 
ductive contact with the Al pads 36. Thus, the circuit pat- 
terns 40 and the Al pads 36 are electrically connected 
to each other. 

Next, to form the electro-insulation film 42, a photo- 

35 resist (photosensitive solder resist) is coated on the an- 
isotropic conductive sheet 38 and the circuit pattern 40. 
After the exposure and development, via-holes 44 are 
formed. In this regard, the electro-insulation film 42 may 
be preliminarily provided on the anisotropic conductive 

40 sheet 38 and the circuit pattern 40, and then the aniso- 
tropic conductive sheet 38 may be bonded onto the 
semiconductor chip 32. 

In this connection, the via holes 44 can be provided 
in advance at positions corresponding to the respective 

45 contacts 40a before the electro-insulation film 42 is coat- 
ed on the anisotropic conductive sheet 38 and the circuit 
pattern 40. 

The via-holes 44 are filled with solder balls (i.e., sol- 
der bumps 46) which in turn are fixed onto the circuit 
50 pattern 40 through a reflow process. 

A semiconductor device 30 Is now completed as 
stated above. 

If necessary, a resist may be coated on side walls 
of the semiconductor device 30 and dried to form a pro- 
55 tective film 48. 

Although' in the above embodiment, a semiconduc- 
tor chip 32 formed as a single body is used, a wafer in 
which a plurality of semiconductor chips 32 are built-in 
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may be used. In this case, after an anisotropic conduc- 
tive sheet 38, circuit patterns 40. a photo-resist film 42 
and bumps 46 have been first formed on the wafer in a 
similar manner as described above, the wafer is sliced 
into a plurality of single bodies, whereby a number of s 
semiconductor devices 30 can be formed at once to re- 
sult in a reduction in production cost Also, the circuit 
patterns 40 may be formed after the anisotropic conduc- 
tive sheet 38 has been bonded to the semiconductor 
chip 32. ^0 

A method for producing the semiconductor device 
30 shown in Fig. 3 will be described below. First, gold 
bumps 37 are preliminarily formed on the Al pads 36 of 
the semiconductor chip 32. Then the anisotropic con- 
ductive sheet 38 on which the circuit pattern 40 shown ^5 
in Fig. 4 is provided is overlapped with the gold bumps 
37, and thermally press-bonded to the latter In this 
case: the press-bonding tool 43 with pressing projec- 
tions 41 shown in Fig. 5 is unnecessary. That is, by 
pressing the anisotropic conductive sheet 38 as a whole 20 
during the thermal press-bonding process, the gold 
bumps 37 are pressed into the anisotropic conductive 
sheet 38 to cause the pressed portions of the anisotropic 
conductive sheet 38 to be conductive. The photo-resist 
film 42 and the bumps 46 may be provided in the same 2S 
manner as the above embodiment. 

In this regard, the circuit patterns 40 may be provid- 
ed after the anisotropic conductive sheet 38 has been 
thermally press-bonded. Also, it is possible to prelimi- 
narily form the electro-insulation film 42 on the aniso- 30 
tropic conductive sheet 38 and the circuit pattern 40 and 
then bond the anisotropic conductive sheet 38 onto the 
semiconductor chip 32. 

Fig. 6 illustrates a further embodiment of a semicon- 
ductor device of the present invention. 35 

According to this embodiment, a plurality of semi- 
conductor chips 32 are arranged on a common sub- 
strate 47 such as a heat spreader or the like, and a com- 
mon anisotropic conductive sheet 38 is formed on the 
plurality of semiconductor chips 32 in the same manner 40 
as the embodiment described above. Then, circuit pat- 
terns 40 corresponding to the respective semiconductor 
chips 32 and circuit patterns 45 for connecting elec- 
trodes 36 necessary tor electrically connecting adjacent 
semiconductor chips 32 to each other are formed in the 4S 
same manner as the embodiment described above. 
Thereafter, an electro-insulation film 42 is provided and 
bumps 46 are formed on respective contacts 40a for the 
connection with external terminals of the respective cir- 
cuit patterns 40. 

That is, the plurality of semiconductor chips 32 are 
built onto a single semiconductor device 30 to form a 
multi-chip module. 

The plurality of semiconductor chips 32 may be a 
combination of a micro-processor unit (MPU) and a ss 
cache memory, or a series of memories. 

According to this embodiment, since the plurality of 
semiconductor chips are mounted onto the common 



substrate 47 and the electrodes thereof are electrically 
connected to each other via a circuit pattern: it is possi- 
ble to shorten the length of the wires, whereby a semi- 
conductor device excellent in electrical properties is ob- 
tainable, such as low signal delay. Also, since the ani- 
sotropic conductive sheet and the electro-insulation film 
can be commonly formed, the production of the semi- 
conductor device becomes easy. In this regard, if the 
plurality of semiconductor chips 32 were held by a com- 
mon frame (not shown), the substrate 47 is unneces- 
sary. Alternatively, it is also possible to fonm the plurality 
of semiconductor chips on a common wafer. 

The semiconductor device according to this ernbod- 
Iment can be produced through the same process as 
described above. 

Fig. 7 illustrates a further more embodiment of a 
semiconductor device 30 according to the present in- 
vention. 

In this drawing, the same reference numerals are 
used for denoting the same parts as in the embodiment 
described above. 

According to this embodiment, an anisotropic con- 
ductive sheet 38 provided on the upper surface of a 
semiconductor chip 32 has a multilayer structure (a dou- 
ble layer structure in this embodiment). 

An anisotropic conductive sheet 38 formed as a first 
layer is pressed by bumps 37 of Au, Pb-Sn. or the like 
formed on Al pads 36 of the semiconductor chip 32 to 
electrically connect circuit patterns 40 thereof to the Al 
pads 36 in a similar manner as described with reference 
to the embodiment shown in Fig. 3. Also, an anisotropic 
conductive sheet 38 formed as a second layer is 
pressed by bumps 37 formed at suitable portions of the 
circuit patterns 40 in the first layer to electrically connect 
the circuit pattems 40 in the first and second layers with 
each other. The bumps 37 which should be formed on 
the Al pads 36 or pattems 40 may be formed by plating, 
transferring or the like. 

Reference numeral 42 denotes a photosensitive re- 
sist (electro-insulation film) formed while covering the 
anisotropic conductive sheet 38 and the circuit pattems 
40. 

The photosensitive resist film 42 is a protective film 
tor the circuit patterns 40 and may be formed of various 
photosensitive solder resists. 

Via-holes 44 are provided at suitable positions in 
the photosensitive resist film 42 corresponding to the re- 
spective circuit patterns 40 in a matrix arrangement (so 
that a contact 40a in the circuit pattern 40 to which an 
external terminal is to be connected is exposed from the 
respective via-hole 44), 

Reference numeral 46 denotes a bump which is an 
extemal terminal and projected above the photosensi- 
tive resist film 42 so that the contact 40a to be connected 
to the external temninal is electrically connected to the 
bump through the via-hole 44. 

The bump 46 may be formed as a ball bump such 
as a solder ball as shown in the drawing, but may be 
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formed as a flat land or others. However, a lead pin may 
be connected as an external terminal. 

In this regard, the connection between the circuit 
pattems 40 and between the circuit pattern 40 and the 
Al pad 36 may be made by pressing the circuit pattem 
40 as shown in Fig. 1 . 

Also in this embodiment, it is possible to have a size 
equal to that of the semiconductor chip 32. 

Also, since the anisotropic conductive sheet 38 
which is an interposer and the photosensitive resist film 
42 can be formed thinner, the semiconductor device 30 
becomes thinner. 

Since the hardness of the anisotropic conductive 
sheet 38 and of the photosensitive resist film 42 is not 
so high, they can function as a shock absorbing layer 
for protecting a surface of the semiconductor chip 32. 

In this regard, a back surface of the semiconductor 
chip 32 is preferably exposed to enhance the heat radi- 
ation. To facilitate the heat radiation, a heat sink or a 
heat spreader may be bonded thereto. 

Fig. 8 illustrates a further embodiment wherein the 
above anisotropic conductive sheets 38 are provided in 
a multilayer manner. 

According to this embodiment, either one of circuit 
pattems 40 constituting an intermediate layer extends 
all over the layer as an overall pattem 40b for a power 
supply or a grounding. 

The connection between a circuit pattem 40 on the 
upper layer and an Al pad 36 on a semiconductor chip 
32 is made via a bump 37 formed on a pattem 40c pro- 
vided, by an annular via-hole, in the overall pattem 40b 
to be independent therefrom and a bump 37 formed on 
the Al pad 36, as shown in the drawing. However, the 
connection therebetween may be made via anisotropic 
conductive sheets 38, 38 by merely providing a vla-hole 
in the overall pattern 40b and pressing the circuit pattem 
40 in the upper layer. 

The connection between the grounding Al pad and 
the overall pattern 40b and that between the overall pat- 
tern 40b and a necessary portion of the circuit pattern 
40 in the upper layer may be also made by pressing the 
bump 37 or the circuit patterns 40, 40b in a manner sim- 
ilar to that described above. 

If the overall pattern 40b is used for the power sup- 
ply, the wiring of a power supply line for the upper layer 
circuit pattern 40 or the arrangement of the Al pads for 
the power supply becomes free and easy, while, if it is 
used for the grounding, not only a degree of freedom of 
the wiring is enhanced but also the electrical properties 
can be improved because a so-called decoupling ca- 
pacitor can be formed in the overall pattem by a sput- 
tering process or the like. Or, elements such as resistors 
may be built therein by the sputtering process or the like. 
Figs, g and 10 illustrate a further embodiment. 
Reference numeral 41 denotes an insulation sheet 
made, for example, of polyimide, epoxy and polyester, 
and carrying on one surface thereof a circuit pattern 40 
made with a copper foil or the like. A via-hole 44 is 



formed at a position on the insulation sheet 41 , at which 
a contact 40a of the circuit pattem 40 to be connected 
to an extemal terminal is provided, so that the contact 
40a is exposed (see Fig. 9). 

s Reference numeral 38 denotes an anisotropic con- 
ductive sheet wherein an conductive filler such as a me- 
tallic powder is blended in the same manner as de- 
scribed before. Also, reference numeral 37 denotes a 
bump 37 formed on an Al pad of a semiconductor chip 

10 32. 

According to this embodiment, the semiconductor 
chip 32, the anisotropic conductive sheet 38 and the in- 
sulation sheet 41 are overlapped with each other while 
disposing one surface of the insulation sheet 41 carrying 
the circuit pattem 40 opposite to the anisotropic conduc- 
tive sheet 38. and pressed together to be an integral 
body. Thereby, the anisotropic conductive sheet 38 is 
pressed by the bump 37 to electrically connect the circuit 
panem 40 at that position with the Al pad. A bump 46 is 
formed as an external terminal in a via-hole 44. and thus 
a semiconductor device 30 is completed. In this regard, 
the bump 37 may be formed on the circuit pattern 40. 

Also in this embodiment, it is possible to easily form 
a semiconductor device of a chip size. The connection 
between the circuit pattern 40 and the Al pad may be 
easily made via the anisotropic conductive sheet 38. 
The same process as mentioned above can also be ap- 
plied to a wafer which is provided with a number of chips. 
In this case, such a wafer is laminated in the same man- 
ner as above and cut into Individual semiconductor de- 
vices. 

As an alternative process in Fig. 9, A and B are first 
layered and then laminated with C. In this connection, 
even if C is a wafer which is provided with a number of 
chips, semiconductor devices according to the present 
invention can also be obtained by the same process as 
mentioned above. Namely, such semiconductor devices 
can be made by laminating the wafer and slicing it into 
individual devices. 

Fig. 1 1 illustrates.an embodiment wherein insulation 
sheets 41 carrying circuit patterns 40 thereon are over- 
lapped with a semiconductor chip 32 in a multilayer 
manner. The insulation sheets 41 are bonded to each 
other with an adhesive 43, and the circuit patterns 40 
are electrically connected to each other through vias 45, 
which can be formed by plating or a conductive resin. 

The lowermost insulation sheet 41 is fixed via an 
anisotropic conductive sheet 38 while being electrically 
connected in the same manner as described before. 

Also according to this embodiment, an intenmediate 
circuit pattem may be provided for the power supply or 
the grounding. 

Fig. 12 illustrates an anisotropic conductive sheet 
50 with a conductive layer according to the present in- 
vention. 

The anisotropic conductive sheet 50 is constituted 
by an anisotropic conductive sheet 52 carrying a con- 
ductive layer 54 made of a copper foil or the like on the 
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surface thereof. 

The anisotropic conductive sheet 52 is made of a 
resin such as epoxy. polyimide or silicone blended with 
an conductive filler such as a metallic filler or the like. 
Since the silicone resin has a rubber-like elasticity, it can 5 
mitigate a stress particularly generated between a sem- 
iconductor chip and a substrate nrKDunting the same. 

The conductive filler nnay be a metallic powder such 
as Ni. a metallic powder such as Ag or Ag-Pd; or Ni. Ag 
or Ag-Pd covered with a resin such as epoxy. polyimide 
or silicone; or a resin powder such as epoxy, polyimide 
or silicone covered with a plated metallic film such as 
Ni, Ag or Ag-Pd, a necessary anr>ount of which is blend- 
ed into the resin for creating the conductivity when par- 
ticles of the conductive filler are brought into contact with 
each other by pressing the sheet. 

The conductive layer 54 may be formed not only by 
adhering a metallic foil such as a copper foil to the ani- 
sotropic conductive sheet 52 but also by forming a metal 
layer such as copper through a sputtering method or a 
metallizing method. Or, the conductive layer 54 may be 
formed in a sheet-like shape by casting, on a metallic 
foil such as a copper foil, an anisotropic conductive 
paste prepared by blending an conductive filler with a 
resin (according to a doctor blade method) and curing 
the same to result in the anisotropic conductive sheet 
with a conductive layer. 

The anisotropic conductive sheet 50 with a conduc- 
tive layer is suitably used for forming not only the sem- 
iconductor devices 30 shown in Figs. 1 through 11 but 
also the following circuit boards. 

Fig. 13 shows one example of such circuit boards 

56. 

Reference numeral 58 denotes a circuit board (sub- 
strate) carrying a circuit pattern 60 formed of a copper 
foil or the like by a conventional method. 

Reference numeral 52 denotes an anisotropic con- 
ductive sheet carrying, on the surface thereof, a circuit 
pattern 62 formed by etching the conductive layer 54 of 
the anisotropic conductive sheet 50 with a conductive 
layer. This anisotropic conductive sheet 52 is bonded to 
the substrate 58 on the surface opposite to one carrying 
the circuit pattern 62. The electrical connection between 
the circuit patterns 62 and 60 is made via the anisotropic 
conductive sheet 52 by pressing portions corresponding 
to the circuit patterns 62 by a suitable tool (not shown) 
to deform the same. 

Reference numeral 64 denotes a photosensitive re- 
sist film (electro-insulation film) covering the anisotropic 
conductive sheet 52 and the circuit patterns 62. 

The photosensitive resist film 64 is a protective film 
for the circuit patterns 62 and may be made of various 
photosensitive solder resists. 

In suitable portions of the photosensitive resist film 
64 corresponding to the respective circuit patterns 62, 
via-holes 66 are formed (so that a contact 62a in the 
circuit pattern 62 to which an external terminal is to be 
connected is exposed from the respective via-hole 66). 



An external electronic element may be connected 
to the contact 62a by solder or the like. 

Since the anisotropic conductive sheet 52 and the 
photosensitive resist film 64 can be fonmed thinner, the 
circuit board 56 can have a smaller thickness. 

If a silicone resin is used, having a rubber-like elas- 
ticity, a stress generated between the circuit board and 
the external electronic element to be mounted thereon 
can be mitigated. 

Since the hardness of the anisotropic conductive 
sheet 52 and of the photosensitive resist film 64 is not 
so high, they also function as a shock absorbing layer 
for protecting the external electronic element to be 
mounted thereto. 

Also, since the anisotropic conductive sheet 52 Is 
used as described above, the electric connection can 
be easily made between the circuit patterns 60 and 62. 

Fig. 14 Illustrates another embodiment of a circuit 
board 56. 

The same reference numerals are used for denoting 
the same parts as those in the embodiment shown in 
Fig. 1 3, the description of which will be eliminated here- 
in. 

According to this embodiment, a bump 61 of A u or 
the like is formed on a circuit pattern 60 in the same 
manner as shown in Fig. 3 so that an anisotropic con- 
ductive sheet 52 is pressed thereby to electrically con- 
nect the circuit pattern 60 to a circuit pattern 62. Since 
the circuit pattern 62 is maintained generally flat by form- 
ing the bump 61 In such a manner, the overlapping of 
the anisotropic conductive sheet 52 is facilitated. 

Fig. 15 illustrates an embodiment wherein a plural- 
ity of anisotropic conductive sheets 52 are overlapped 
with a printed circuit board 58. 

The connection between circuit pattems 62 carried 
on upper and lower anisotropic conductive sheets 52, 
respectively, and the connection between the circuit pat- 
tern 62 and a circuit pattern 60 may be made via the 
anisotropic conductive sheets by pressing and deform- 
ing the circuit pattern in the same manner as shown in 
Fig. 1 3, or by pressing the anisotropic conductive sheets 
52 with bumps 61 , 61 formed on the circuit pattems 60 
and 62 as shown in the drawing. 

In such a manner, it is possible to easily achieve the 
electrical connectton via the anisotropic conductive 
sheets 52 so that a multilayer printed circuit board 56 is 
formed. 

In this embodiment, the intermediate circuit pattern 
62 may be formed as an overall pattern (not shown) for 
the power supply or the grounding having the same 
structure as that shown in Fig. 8. 

If the overall pattern is used as the power supply, 
the wiring of a power supply line in the circuit pattern 62 
of the upper layer becomes easy; while, if it is used as 
the grounding, in addition to the freedom of wiring, the 
electrical properties are improved because a so-called 
decoupling capacitor can be formed in the overall pat- 
tern by a sputtering method or the like. 
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The overall pattern for the power supply or the 
grounding may be partially provided in portions corre- 
sponding to electronic elements to be mounted. 

The printed circuit board may be nnade of ceramic. 

Fig. 16 illustrates another embodiment of a printed 
circuit board 56. 

According to this embodiment, a plurality of (three 
in the drawing) anisotropic conductive sheets 52 carry- 
ing circuit patterns are overlapped. 

A first layer is prepared by an anisotropic conduc- 
tive sheet 50 having, on both surface thereof, conduc- 
tive layers which are etched to be circuit patterns 62 and 
62a, respectively. Each of second and third layers 52 is 
prepared by an anisotropic conductive sheet having, on 
one surface thereof, a conductive layer which is etched 
to be a circuit pattern 62. The three sheets are thermally 
press-bonded together to form a printed circuit board 56. 

The connection between the circuit patterns 62 and 
62a in the first layer is made via the anisotropic conduc- 
tive sheet 52 by pressing and deforming the circuit pat- 
tern 62a. The connection between the circuit patterns 
62 in the first, second and third layers is made via bumps 
61 and the anisotropic conductive sheets 52. 

Reference numeral 42 denotes a photosensitive re- 
sist film (electro-insulation film) covering the circuit pat- 
terns 62 and 62a on the respective surface. External ter- 
minals 46 such as solder balls are formed in via-holes 
provided in one of the surfaces, and circuit patterns 62 
are exposed through via-holes provided in the other sur- 
face so that contacts to be connected to electronic ele- 
ments are formed. 

In this regard, the respective circuit pattern 62 may 
be preliminarily provided in the anisotropic conductive 
sheet 52 or may be formed by an etching or others every 
time when the anisotropic conductive sheet with a con- 
ductive layer (layers) is overiapped. 

As shown in Fig. 1 7, an insulation film 52a of a poly- 
imide sheet, epoxy sheet or an anisotropic conductive 
sheet carrying a circuit pattern 62 thereon may be used 
as the first layer, and anisotropic conductive sheets 52 
carrying a circuit pattem 62 on one surface thereof as 
described above may be used as the other layer, which 
are then overlapped with each other and thermally 
press-bonded together In this embodiment, it is also 
possible to directly provide a via-hole in the first layer to 
form an external temnlnal 46. If the insulation film 52a is 
an anisotropic conductive sheet, a resist may be coated 
thereon for protecting the surface thereof. 

In the respective embodiments described above, 
the bump 46 used as an external terminal may be pro- 
vided, as shown in Fig. 1 8, on a metallic layer 33 which 
is formed in a bottom 40a of the external terminal and 
around the peripheral edge and the inner wall of the via- 
hole provided in the electro-insulation sheet 42 or the 
insulation sheet 41 . Thereby, the bonding area of the 
bump increases to enhance the Bonding strength. 

According to the present invention, it is possible to 
easily obtain the electrical connection between circuit 



patterns in upper and lower layer of a multilayer type 
circuit board and reduce the production cost to a great 
extent. 



Claims 

1. An anisotropic conductive sheet having a conduc- 
tive layer 

10 

an anisotropic conductive sheet material com- 
prising a resin and conductive fillers, such as 
metallic particles, added in said resin; 
said anisotropic conductive sheet material hav- 
^5 ing first and second surfaces; and 

a conductive layer formed on one of said first 
and second surfaces of the anisotropic conduc- 
tive sheet material. 

20 2. An anisotropic conductive sheet as set forth in claim 
1 , wherein said conductive layer is a metallic layer. 

3. A circuit board comprising: 



2S a substrate having first and second surfaces 

and a circuit pattern being formed on said first 
surface of the substrate; 
an anisotropic conductive sheet having first and 
second surfaces, a circuit pattern being formed 

30 on said first surface of the anisotropic conduc- 

tive sheet; 

said second surface of the anisotropic conduc- 
tive sheet being adhered to said first surface of 
the substrate in such a manner that said circuit 
35 patterns on said substrate and said anisotropic 

conductive sheet are electrically connected to 
each other by means of said anisotropic con- 
ductive sheet; and 

an electrically insulative layer formed on said 
40 first su rface of the anisotropic conductive sheet 

to cover said circuit pattem of the anisotropic 
conductive sheet, except that external connect- 
ing jDortions thereof are exposed. 

45 4. A circuit board as set forth in claim 3, wherein said 
anisotropic conductive sheet Is partially pressed by 
means of said circuit pattern formed thereon so that 
said pressed portions of the anisotropic conductive 
sheet are electrically conductive. 

so 

5, A circuit board as set forth in claim 3, wherein 
bumps are provided on said circuit pattern formed 
on the substrate and said anisotropic conductive 
sheet is partially pressed by means of said bumps 

55 so that said pressed portions of the anisotropic con- 
ductive sheet are electrically conductive. 

6. A circuit board comprising: 
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a plurality of anisotropic conductive sheets 
each having first and second surfaces, a circuit 
pattern being formed on said first surface of the 
respective anisotropic conductive sheet; 
said plurality of anisotropic conductive sheets s 
being laminated on each other in such a man- 
ner that said second surface of the anisotropic 
conductive sheet is adhered to said first surface 
of the adjacent anisotropic conductive sheet; 
a substrate having first and second surfaces to 
and a circuit pattern being formed on said first 
surface of the substrate; 
said first surface of the substrate being adhered 
to said second surface of the lowermost aniso- 
tropic conductive sheet; 
said circuit patterns on said plurality of aniso- 
tropic conductive sheet and said substrate are 
electrically connected to each other by means 
of said plurality of anisotropic conductive 
sheets; and 20 
an electrically insulative layer formed on said 
first surface of the uppermost anisotropic con- 
ductive sheet to cover said circuit pattern there- 
of, except that external connecting portions 
thereof are exposed. 



7. A circuit board as set forth in claim 6, wherein said 
plurality of anisotropic conductive sheets are par- 
tially pressed by means of said circuit patterns 
formed thereon so that said pressed portions of the 
anisotropic conductive sheets are electrically con- 
ductive. 

8. A circuit board as set forth in claim 6, wherein 
bumps are provided on said circuit pattern formed 
on the substrate and said anisotropic conductive 
sheets, except for the uppermost anisotropic con- 
ductive sheet, said anisotropic conductive sheets 
are partially pressed by means of said bumps so 
that said pressed portions of the anisotropic con- 
ductive sheets are electrically conductive. 

9. A circuit board as set forth in claim 6, wherein at 
least one of said circuit patterns formed on the sub- 
strate and on the plurality of anisotropic conductive 
sheets is a power supply flat pattern. 

10. A circuit board as set forth in claim 6, wherein at 
least one of said circuit patterns formed on the sub- 
strate and on the plurality of anisotropic conductive 
sheets is a ground flat pattern. 

11. A semiconductor device comprising: 



per surface of the semiconductor chip, except 
for areas where said electrodes exist; 
a plurality of anisotropic conductive sheets 
each having upper and tower surfaces, a circuit 
pattern being formed on said upper surface of 
the respective anisotropic conductive sheet; 
said plurality of anisotropic conductive sheets 
being laminated on each other in such a man- 
ner that said lower surface of the anisotropic 
conductive sheet is adhered to said upper sur- 
face of the adjacent anisotropic conductive 
sheet; 

said upper surface of the semiconductor chip 
being adhered to said lower surface of the low- 
ermost anisotropic conductive sheet; 
said circuit patterns on said plurality of aniso- 
tropic conductive sheet and said electrodes of 
the semiconductor chip are electrically con- 
nected to each other by means of said plurality 
of anisotropic conductive sheets; and 
an electrically insulative layer formed on said 
upper surface of the uppermost anisotropic 
conductive sheet to cover said circurt pattern 
thereof, except that external connecting por- 
tions thereof are exposed. 

12. A semiconductor device as set forth in claim 11, 
wherein said lowermost anisotropic conductive 
sheet is mechanically pressed partially at positions 

30 correspond to said electrodes, so that said pressed 
portions of the lowermost anisotropic conductive 
sheet are electrically conductive. 

13. A semiconductor device as set forth in claim 11, 
35 wherein said electrodes of the semiconductor chip 

are provided with conductive bumps which protrude 
upward over said insulating film, so that said lower- 
most anisotropic conductive sheet is partially 
pressed by said bumps and, therefore, said pressed 
40 portions of the lowermost anisotropic conductive 
sheet are electrically conductive. 

14. A semiconductor device as set forth in claim 11, 
wherein said external connecting terminals are sol- 

45 der bumps. 



so 



a semiconductor chip having upper and lower 5S 
surfaces, said chip having electrodes formed 
on said upper surface; 

an electrically Insulating film formed on said up- 
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